Sans-Tresserras, JÁ.; Manjón, FJ.; Popescu, C.; Muñoz, A.; Rodríguez-Hernández, P.; Jordá, JL.; Rey Garcia, F. (2016) Abstract. This study reports the experimental characterization of the hydrostatic properties of arsenolite (As 4 O 6 ), a molecular solid which is one of the softest minerals in absence of hydrogen bonding. The high compressibility of arsenolite and its stability up to 15 GPa have been proved by x-ray diffraction measurements and the progressive loss of hydrostaticity with increasing pressure up to 20 GPa has been monitored by the ruby photoluminescence. Arsenolite has been found to exhibit a hydrostatic behavior up to 2.5 GPa and a quasihydrostatic behavior up to 10 GPa at room temperature. This result opens the way to explore other molecular solids as possible quasi-hydrostatic pressuretransmitting media. The validity of arsenolite as an insulating, stable, nonpenetrating and quasi-hydrostatic medium is explored by the study of the x-ray diffraction of zeolite ITQ-29 at high pressure.
Introduction
Pressure is a primary thermodynamic variable that allows tuning the material properties in a large range. Therefore, high-pressure experiments are important tools which help us to understand the properties of matter both at ambient and extreme conditions. Application of pressure to materials induces a great reduction of interatomic distances, which intensifies interatomic interactions; hence it allows the study of material properties in a broader range than by changing temperature, its thermodynamic The diverse high-pressure devices, experimental techniques and materials with different properties makes difficult to find the optimal conditions to obtain reliable results. Amongst all these conditions, the choice of the medium which transmits the pressure from the instrument to the compressed sample is extremely important. In most cases, the only requirement for this medium is to be a hydrostatic pressure-transmitting medium (PTM) according to Pascal's principle; i.e., a compound that allows the homogeneous application of pressure to the sample without directional or shear stress in its structure. In fact, the loss of hydrostatic conditions leads to uniaxial distortions which affect the compressibility of the structure and could derive in non-rigorous results, which could make difficult their comparison with purely hydrostatic theoretical predictions [2] .
The choice of an optimal PTM is based on the pressure range, the technique employed, and the material studied in a particular case, but the easiness to manipulate it and the difficulty of the loading procedure should also be considered. In pressure ranges above 10 GPa, the use of gas PTMs such as argon [3,4], neon [3,5] or helium [6,7] is preferred to assure a wider hydrostatic range [8] . However, the lack of reactivity and the wide range of hydrostaticity of noble gases contrast with the difficulty to manipulate them and the specific equipment required for the loading procedure. In fact, the use of these gases is limited to diamond anvil cells (DACs) and is barely applied for transport properties, except in temperature dependent measurements. Regarding techniques, transport measurements at high-pressures usually require the use of an insulating and non-magnetic solid PTM so that a good electrical insulation between the studied sample and the electric contacts with the gasket (and also from metallic anvils in the case of using a large volume press) is ensured. order to form a 3D solid structure. In particular, the structure of the As 4 O 6 molecular cage can be described by the overlap of four pseudo-tetrahedral units consisting of an As atom surrounded by three O ligands and a cationic lone electron pair (LEP) in such a way that they form a ball with all cation and anion LEPs pointing towards the external part of the cage. Unlike other arsenic oxide polymorphs, pseudo-tetrahedra in arsenolite are configured in closed-compact adamantane-type As 4 O 6 molecular cages bonded together thanks to weak van der Waals forces (see Fig. 1 ). Among the properties of arsenolite, we can mention its strong chemical stability and lack of reactivity (it is an oxide mineral obtained by oxidation of As-rich ore deposits as arsenic sulfide or by hydrolysis of arsenic chloride) [19] and that it is an insulating material with a bandgap above 4 eV at room pressure and above 3 eV up to 15 GPa [20, 21] . Additionally, the solubility of arsenolite has been fully characterized by a number of studies [22, 23] showing a slow dynamics to reach the equilibrium conditions.
In this work, we will analyse the compressibility of arsenolite, its range of hydrostaticity, and how arsenolite can be applied to a case study, such as a zeolite, in order to show that arsenolite is an insulating solid compound, easy to manipulate, with a strong compressibility, high chemical inertness, and structural stability up to 15 GPa, which is a good candidate as a quasi-hydrostatic PTM up to 10 GPa in measurements of structural and electrical properties under pressure. We will show that arsenolite is a better solid PTM than CsI, KBr, NaCl, and h-BN so it could substitute these solid PTMs in high-pressure experiments. The main drawback of arsenolite is its toxicity, but this could be easily overcome by handling it with gloves and mask, a common equipment in high-pressure laboratories.
II. Method
Highly Additionally, we have carried out two photoluminescence (PL) experiments. In the first one, we have measured the PL of a 5 µm-size ruby, which was placed into the center of the cavity pressure at room temperature using arsenolite as a PTM. In the second one, we have measured the PL of four ruby chips of similar dimensions randomly distributed from the center to the edge of the pressure cavity. This last experiment has allowed us to determine the standard deviation of the pressure estimation along the cavity. Both PL measurements have been performed with a Horiba
Jobin Yvon LabRAM HR-UV microspectrometer equipped with a thermoelectriccooled multi-channel CCD detector and with a spectral resolution below 2 cm -1 . A HeNe laser (632.8 nm line) has been used to excite the ruby photoluminescence [27] .
No detectable influence of the laser radiation on the temperature of the illuminated ruby chip has been found.
III. Results and discussions
In a previous work, we reported the structural characterization of compressed arsenolite by means of ADXRD measurements under compression using different
PTMs [19] . It was reported that a similar EoS of arsenolite was obtained using nonpenetrating PTMs, but a completely different result was obtained when He is used as a PTM due to its inclusion into the arsenolite's crystalline structure [19, 20] . In particular, non-penetrating PTM gave rise to a bulk modulus of B 0 =7(1) GPa, which is in good agreement (see Fig. 2 The remarkably small bulk and shear moduli of arsenolite here reported are given by the extraordinary compressibility of the intermolecular distances between As 4 O 6 molecular cages (see Fig. 1 ). The presence of cation and anion LEPs is responsible for the formation of the molecular cages and the weak van der Waals interactions that bond them. Whereas these molecular units remain almost unalterable with increasing pressure due to the small reduction of intramolecular distances, the intermolecular distance between the different cages is rapidly reduced below 10 GPa due to the strong compressibility of the cationic LEP; i.e., the LEP activity For the first method, we inserted a ruby chip into the center of a pressure cavity. splitting shows a typical monotonous decrease up to 4-5 GPa, which is characteristic of a hydrostatic behavior under pressure (Fig. 3b top) . Above this pressure, we can observe a progressive non-linear increase of this parameter with pressure, which is more marked above 10 GPa. These features have been associated to the presence of deviatoric stresses in the ruby chip [44] . This result is confirmed by the increase of the FWHM (Fig. 3b down) (hydrostatic up to 4 GPa), iso-n-pentane (hydrostatic up to 5-6 GPa) and silicone oil For the second method, we have randomly distributed four ruby chips from the center to the border of the gasketted pressure cavity, as it is shown in the inset of Figure   4 . The distance between the rubies is estimated from the size of the pressure cavity to be roughly 40 microns. This method shows that the hydrostatic range exhibited by arsenolite is very limited since the standard deviation (Figure 4) is less than 0.1 GPa silicone oil. Figure 5 shows the analysis of the stress produced in the most centered and remote ruby (named ruby1 and ruby4, respectively), which reveals a similar behavior below 10 GPa. In both rubies, the R1-R2 peak distance decreases up to 10 GPa and then increases. However, this difference increases more rapidly for ruby4 than for ruby1, thus indicating that the latter is more stressed. The pressure dependence of the FWHM corresponding to the PL of the R1 peak for both rubies yields similar results, as shown in 
IV. Conclusions
We have shown that arsenolite, the cubic polymorph of arsenic oxide, is a solid 
